The lower Oligocene (Rupelian) successions are climate record archives of the early icehouse world in the Cenozoic. Even though the number of studies focussing on the generally cold Oligocene is increasing, little is known about climatic variations in the mid-latitudes to high latitudes of the Northern Hemisphere. One of the major obstacles is the lack of stratigraphically complete uppermost Eocene to Oligocene successions in these regions. This study focusses on dinoflagellate cysts (dinocysts) from a thick nearly complete Rupelian succession in the Syracuse Oils Norge A/S well 11/10-1 drilled in 1969 in the Norwegian part of the North Sea basin. The well provides a record of mid-latitude dinocyst assemblages, which yield key biostratigraphical and palaeoenvironmental information.
Introduction
The Rupelian (early Oligocene; 33.9-28.1 Ma; Vandenberghe et al., 2012) represents the first stage of the early icehouse world. Establishment of the permanent ice cap on Antarctica (e.g. Galeotti et al., 2016; Zachos et al., 1992) and the possible appearance of isolated continental glaciers on Greenland (e.g. Eldrett et al., 2007; Tripati and Darby, 2018 ) had a global impact on ocean structure (e.g. Coxall et al., 2005) and flora and fauna (e.g. Sun et al., 2014) . It also coincided with a shift from hemipelagic to siliciclastic sedimentation in many worldwide locations, including Antarctica (Bartek et al., 1991) , Africa (Lavier et al., 2001) , the western North Atlantic (Pekar et al., 2000) and the eastern North Sea basin (Michelsen et al., 1998) . As shown by the deep-sea proxy record (e.g. Ocean Drilling Program sites 529 and 1218), there were several glaciation events during the Oligocene in Antarctica. These are known as Oi events (Pälike et al., 2006; Pekar and Miller, 1996) . At deep-sea sites with a more continuous record, Oi events are expressed as positive excursions in the oxygen isotopic record of benthic foraminifera (Miller et al., 1991; Pälike et al., 2006; Wade and Pälike, 2004) . In continental margin settings, these cooling events are often associated with hiatuses (Pekar et al., 2002; Pekar and Miller, 1996) linked to glacioeustatic sea-level falls. At least five of these cooling events, i.e. Oi-1 (earliest C13n), Oi-1a (early C12r), Oi-2 (C11r), Oi-2a (early C9r) and Oi-2b (middle C9n), took place during the Rupelian-earliest Chattian Pälike et al., 2006; Wade and Pälike, 2004) . Three of the Oligocene cooling maxima in the central North Sea basin (Oi-1a, Oi-2 and Oi-2b) correspond to the appearance of the cold-water dinocyst taxa Svalbardella cooksoniae and/or Svalbardella spp. Van Simaeys et al., 2005a; Śliwińska et al., 2010; Śliwińska and Heilmann-Clausen, 2011) .
The type section for the Rupelian stage is located in the southern North Sea basin (i.e. the Boom Clay Formation in NW Belgium; e.g. Abels et al., 2007; Lagrou et al., 2004; Van Simaeys and Vandenberghe, 2006) , where the deposits consist primarily of mudstones (Schiøler et al., 2007; Van Simaeys and Vandenberghe, 2006) . Even though the Rupelian succession is more complete in the stratotype area than onshore in Denmark, the cumulative thickness of the Rupelian clays in both areas does not exceed 150 m (see Śliwińska et al., 2012) . In contrast, in the Danish and Norwegian sectors of the North Sea basin (i.e. NE North Sea basin), the siliciclastic clinoforms of Oligocene age are up to 1000 m thick and seem to represent a more complete record than onshore Michelsen et al., 1998; Śliwińska et al., 2010) .
However, currently there is not a single sediment core in the NE North Sea basin that penetrates Oligocene strata. With the exception of few side-wall core samples from a single well in the central North Sea basin , all the sediments available for analysis are ditch cut-tings from industrial wells. Such samples cannot be used for magnetostratigraphic and organic proxy analyses (Śliwińska et al., 2014b) and limit the study of organisms to microfossils (e.g. foraminifera, calcareous nannofossils and dinocysts). Moreover, planktic foraminifera and calcareous nannofossil assemblages are very impoverished in the Oligocene deposits in the NE North Sea basin (e.g. King et al., 2016; Śliwińska et al., 2012) in relation to the Tethys (Coccioni et al., 2018; Sliwińska et al., 2014a, b) or the eastern North Atlantic (e.g. de Kaenel and Villa, 1996; Snyder and Waters, 1985) . This is in contrast to dinocysts, which are excellent stratigraphic markers (Heilmann- Clausen and Van Simaeys, 2005; Köthe, 1990; Köthe and Piesker, 2007; Schiøler, 2005; Van Simaeys et al., 2005b; Śliwińska et al., 2012) and can also be used for palaeoenvironmental interpretation (Köthe, 1990; Śliwińska et al., 2014b) and palaeoclimatology Van Simaeys et al., 2005a; Śliwińska et al., 2010; Śliwińska and Heilmann-Clausen, 2011) .The Syracuse Oils Norge A/S well 11/10-1 penetrates a remarkably thick lower Oligocene (Rupelian) section in a depocentre (over 600 m; see Jarvese et al., 2015) and is therefore an optimal site for investigating the early icehouse record in mid-latitudes to northern latitudes. Furthermore, the well yields diverse assemblages of wellpreserved dinocysts. It is also one of the sites in the North Sea basin penetrating the earliest Oligocene Svalbardella cooksoniae interval related to the Oi-1a cooling event (Śliwińska and Heilmann- Clausen, 2011) . Thus, it is an excellent candidate for studying the distribution of key dinocyst marker species in the earliest Oligocene and also the climatic impact on the development of the stratigraphic sequences in the North Sea basin. In this paper I aim to (1) present a semiquantitative study of the dinocysts within this expanded Rupelian succession, (2) provide more refined dinocyst-based ages for the 11/10-1 well, and (3) investigate the climatic impact on the development of the local sequence stratigraphic framework and changes in the dinocyst assemblages related to palaeoenvironmental changes.
Study area and site location
The North Sea is an epicontinental basin (Michelsen et al., 1998) located in northern Europe, with a broad connection to the Norwegian Sea to the north and a narrow connection to the North Atlantic Ocean to the southwest via the English Channel (Fig. 1) . In the Rupelian the basin was partly enclosed with (i) several shallow, intermittent seaways to the Peritethys, Paratethys and the eastern Atlantic Ocean and (ii) one deep, wide connection to the Norwegian-Greenland Sea that led to the Arctic Ocean (Fyfe et al., 2003; Knox et al., 2010) . During the Chattian, the North Sea basin became more isolated from adjacent basins (Knox et al., 2010) . Restricted water exchange with the surrounding basins during the Oligocene may explain why planktic foraminifera are extremely rare (e.g. Śliwińska et al., 2012) and why some of the marker calcareous nannofossil taxa are absent in the southern and eastern North Sea basin (e.g. Van Simaeys et al., 2005b; Sliwińska et al., 2014a) .
One of the most striking features of the Paleogene succession in the eastern North Sea basin is a rapid change in the sedimentation pattern at the Eocene-Oligocene transition. On seismic cross sections, the Eocene-Oligocene boundary is expressed as a strong and continuous seismic reflector, named top Eocene (e.g. Huuse and Clausen, 2001) . The reflector marks the boundary between Eocene hemipelagic calcareous ooze and Oligocene siliciclastic clays. The Oligocene succession in the eastern North Sea basin is divided into four stratigraphic sequences (Danielsen et al., 1997; Jarsve et al., 2015; . Internal clinoform geometry suggests that in the earliest Rupelian (at the boundary of two local seismic sequences, OSS-2 TST and OSS-2 RST, where OSS is the Oligocene seismic sequence, TST is transgressive system tract, and RST is the regressive system tract) the direction of progradation changed from southeast to south and southwest (Jarsve et al., 2015; Fig. 1c ). The Syracuse Oils Norge A/S well 11/10-1 was drilled in 1969 in the Norwegian-Danish basin adjacent to the border between the Norwegian and the Danish North Sea sectors ( Fig. 1b ; coordinates 57 • 00 46 N, 6 • 10 04 E). The well is located on the western flank of the Horn Graben, close to the Kreps Fault zone (Fig. 1b) .
Seismic studies show that the well is in a proximal setting in the lower Oligocene depocentre (e.g. Danielsen et al., 1997; Jarsve et al., 2015) . During the Oligocene, the depocentre migrated southwards and basinwards (Danielsen et al., 1997) . The mid-Oligocene to late Oligocene depocentre is penetrated by the Nini-1 well (Śliwińska et al., 2010) .
Previous studies
In the completion report for the 11/10-1 well (NPD_report, 1969b) , the interval between 3419 and 3357 ft (i.e. 1042.1 to 1023.2 m) was assigned to the upper Paleocene shale unit. The interval 3357 to 3244 ft (i.e. 1023.2 to 988.8 m) was referred to the upper Paleocene clay and shale unit and between 3244 and 2067 ft (i.e. 988.8 to 630.0 m) to the upper-middlelower Eocene clay unit, while the interval between 2067 and 900 ft (i.e. 630.0 to ∼ 274.3 to m) was dated as Miocene-Oligocene. In the lithological report for the 11/10-1 well, the interval between 1050 and 1022 m was included in the Rogaland Group, and the interval between 1022 and 305 m was included in the Hordaland Group. The Rogaland Group consists primarily of shale (NPD_report, 1969a) . Hordaland Group deposits are predominantly sandy shale. The upper 120 m of the succession consists of sand and sandstone. These sandy deposits are referred to as the Nordland Group, which in the North Sea basin is considered to be middle Miocene to Holocene. Based on foraminiferal assemblages described in the same report, the interval between 1006 Vandenberghe, 2006) .
The 11/10-1 well was drilled close to the border between the Norwegian and the Danish North Sea sectors. Black dots mark the location of two other wells from the North Sea basin which penetrate Oligocene rocks Alma-1X (Schiøler, 2005) and Nini-1 Śliwińska et al., 2010; Śliwińska and Heilmann-Clausen, 2011) . (c) The sediment transport direction and the position of the Oligocene depocentres are after Danielsen et al. (1997) and Jarsve et al. (2015) . OSS-1 to OSS-4 stand for names of local Oligocene seismic sequences sensu Jarsve et al. (2015) . The map shows the distribution of the depocentres for each of the OSS sequence; (a), (b) and (c) are modified fromŚliwińska and Heilmann- Clausen (2011 Clausen ( ),Śliwińska et al. (2010 , and Jarsve et al. (2015) , respectively. and 640 m was dated as Oligocene, possibly as the middle Oligocene (see p. 9 therein); the interval from 580 to 305 m was considered to be late Oligocene. Other information concerning the well can be found at http://factpages.npd.no (last access: 18 May 2019).
In the early 1990s, the 11/10-1 well was studied under the CENOS project, which aimed to provide a comprehensive sequence stratigraphic study of the Cenozoic of the eastern North Sea basin (e.g. Michelsen et al., 1992 Michelsen et al., , 1998 . Based on the 2-D seismic stratigraphy and well logs, Danielsen et al. (1997) recognised four Oligocene seismic sequences within the well (i.e. 4.1-4.4). However, this sequence subdivision was recently challenged by Jarsve et al. (2015) , who divided the Oligocene succession from the 11/10-1 well into four alternative regional seismic sequences (OSS-1 to OSS-4; see the comparison of the two sequence stratigraphic frameworks in fig. 3 in Jarsve et al., 2015) . Both studies indirectly suggested a Rupelian to middle Chattian age for the succession penetrated by the 11/10-1 well (cf. fig. 4 in Danielsen et al., 1997, and fig. 6 in Jarsve et al., 2015) . However, none of these studies clearly define the position of the Rupelian-Chattian boundary.
The first peer-reviewed biostratigraphic framework for the 11/10-1 well was based on semi-quantitative dinocyst analyses (focussing only on the relative abundance of one genus and four dinocyst species) from the lowermost part of the Rupelian succession (914.40-579.10 m b.s.f.;Śliwińska and Heilmann-Clausen, 2011); the Eocene-Oligocene boundary was placed at about 1022 m at the base of sequence 4.1 (Danielsen et al., 1997) , equivalent to the top Eocene horizon.
Recently, the age model has been improved with a strontium (Sr) isotope (measured on tests of calcareous foraminifera and mollusc fragments) and micropalaeontological analyses (Eidvin et al., 2013; Jarsve et al., 2015; Fig. 2) . As deduced from Figs. 3 and 4 in Jarsve et al. (2015) , the Rupelian-Chattian boundary is at ca. 460 m b.s.f. and coincides with the boundary of the two local seismic sequences (i.e. OSS-2 and OSS-3 boundary). The Eocene-Oligocene boundary was not investigated in this study.
Material and methods

Palynology
As mentioned previously, only ditch cutting samples were available from the Paleogene succession of the 11/10-1 well. Samples for palynological slides were collected at ∼ 15 or ∼ 30 m intervals (with one exception where the interval is ca. 45 m; Fig. 3 ). This study covered local seismic sequences OSS-1 to OSS-3 sensu Jarvese et al. (2015); Fig. 3 . I analysed 25 samples (from the interval 914.40 m b.s.f. to 365.2 m b.s.f.), which were processed by the Norwegian Petroleum Directorate (NPD). The laboratory preparation procedure followed standard palynological techniques. Car-bonates were removed by hydrochloric acid (37 % HCl), and silicates were removed by hydrofluoric acid (40 % HF). Subsequently, pyrite, which was present in the remaining acidresistant organic residue, was removed by 2 min of oxidisation in nitric acid (65 % HNO 3 ) at room temperature. The organic residue was permanently mounted in Elvacite ® , an acrylic polymer of methyl methacrylate.
To study the Eocene-Oligocene boundary, palynological slides from two additional ditch cutting samples (at 1036.32 and 1005.84 m b.s.f., labelled K-181 and K-180, respectively) were processed at the Institute for Geoscience (IG), Aarhus University (AU), in 2011. The processing techniques were those described inŚliwińska and Heilmann- Clausen (2011) .
Transmitted light microscopy was undertaken using a Leica DMR HC microscope. The relative abundance data were obtained by counting at least 300 dinocyst specimens from each sample. The slide was also scanned for rare species. With the exception of the Wetzelielloideae subfamily, treated here as suggested by Bijl et al. (2017) , the taxonomic nomenclature of Williams et al. (2017) is applied. Detailed counts of dinocysts are shown in Fig. 3 , and the list of encountered species can be found in Table 1 . Selected specimens are depicted in Plates 1-8. The position of the photographed specimens on each slide is given in England Finder Coordinate (EFC) system as well as after the new method proposed here (Appendix 1 and Fig. A1 ). One new species, Areoligera? barskii sp. nov., is described, and the morphological variation in Enneadocysta magna is discussed in Sect. 7.
Dinocysts as palaeoenvironmental proxies
The majority of dinoflagellates are marine protists, comprising an important group of the phytoplankton. As primary producers, they are second only to diatoms. In their life cycle, some dinoflagellates produce organic-walled resting cysts (dinocysts), which may be preserved in the geological record (Edwards, 1993) . Dinoflagellates are sensitive to many environmental factors, such as sea-surface temperature, salinity, nutrient availability, etc., and thus they can be utilised as environmental proxies. However, only few modern dinocyst genera -e.g. Impagidinium, Lingulodinium, Nematosphaeropsis, Polysphaeridium or Spiniferites -can be traced back to the late Paleogene. Therefore, while the ecological preferences of Holocene dinocysts are well known (e.g. Zonneveld et al., 2013) , most of the pre-Holocene dinocysts are extinct and their environmental affinities are not fully understood. Some of the most common approaches for understanding the palaeoecological preferences of extinct dinocyst taxa are to study the changes in the assemblages across well-established system tracts (e.g. Dybkjaer, 2004; Stover and Hardenbol, 1994) , study temporal and spatial changes in assemblages (e.g. Damassa and Williams, 1994) , or study changes in the assemblages together with palaeoclimatological proxies which can provide information about, Table 1 . Alphabetical list of all identified dinocyst taxa identified in the 11/10-1 well. The first column refers to the position of the taxon in Fig. 3 Odontochitina spp. (reworked) 108
Oligokolpoma spp. Wetzeliella ovalis 45
Wetzeliella spp. 19
Wetzeliella symmetrica 7 I for example, sea surface temperature (e.g. Bijl et al., 2011) . However, palaeoenvironmental interpretations of some of the pre-Holocene dinocysts are inconsistent and contradictory (Śliwińska et al., 2014a; Woods et al., 2014) . What is more, the study by Stover and Hardenbol (1994) investigating the distribution pattern of various dinocyst eco-groups within lower Oligocene sequences in the Rupelian stratotype region suggested that higher concentrations of the most abundant groups show little relationship to system tracts. Nevertheless, despite uncertainties, the understanding of the spatial distribution of dinocysts in past environments is constantly improving, so I will attempt to correlate trends with the existing sequence stratigraphic framework. Selected environmental dinocyst groups discussed in the text are listed in Table 1 . Dinocysts can be applied as a proxy for surface water productivity. This is estimated as the ratio between heterotrophic and autotrophic dinocysts (P /P +G), where P is the number of peridinioid dinocysts and G is the number of gonyaulacoid cysts. This is based on the assumption that all peridinioid cysts are derived from heterotrophic dinoflagellates which feed on diatoms, while gonyaulacoid cysts mainly represent dinoflagellates which are autotrophs (Powell et al., 1992) . Even though this approach has some weaknesses (see discussion in, for example, Sluijs et al., 2005) , the P /P + G ratio has successfully been applied in numerous palaeoenvironmental studies (e.g. Eshet et al., 1994; De Schepper et al., 2009; Versteegh, 1994) .
Results and discussion
All samples yielded diverse and rich dinocyst assemblages. Within the assemblages, acritarchs (e.g. Cyclop- As this study is based on ditch cutting samples, the ages are based primarily on the last or youngest stratigraphic occurrence (LO) of dinocyst taxa. The LO of Areosphaeridium diktyoplokum is an important earliest Rupelian marker (e.g. Köthe, 1990; Van Mourik and Brinkhuis, 2005; Van Simaeys et al., 2005b) . This species has a stratigraphic range of middle Eocene to earliest Oligocene (Heilmann- Clausen and Van Simaeys, 2005; Köthe and Piesker, 2007) , but the taxon is often found reworked in younger Oligocene deposits together with other (also reworked) pre-Oligocene dinocysts (e.g. Eldrett et al., 2004; Śliwińska et al., 2012) . Onshore in Denmark the LO of A. diktyoplokum is observed within the lower C12r chronozone (Śliwińska et al., 2012) . In all hitherto studied offshore wells from the North Sea basin, i.e. Nini-1, Alma-1X and Mona-1 (Schiøler, 2005; Śliwińska and Heilmann-Clausen, 2011) , the LO of this taxon is located at or just above the top Eocene unconformity, which spans the Eocene-Oligocene boundary (Schiøler, 2005; Śliwińska and Heilmann-Clausen, 2011) . In the 11/10-1 well A. diktyoplokum occurs persistently in the five lowermost samples (between 853.40 and 1036 m b.s.f.). The top of the persistent occurrence is at 853.40 m b.s.f., although in this sample only one com-plete specimen (and a couple of opercula) was recorded. At 886.90 m b.s.f. there were six specimens of A. diktyoplokum (including two within the counting area), one of which having notably entire clypeate process terminations (for an overview of processes in A. diktyoplokum, see, e.g. Fensome et al., 2006) . In Denmark, A. diktyoplokum specimens from the lower and middle Eocene typically have ragged clypeate process terminations (Heilmann-Claussen, personal communication, 2011 see alsoŚliwińska, 2011), in contrast to the specimens from the earliest Rupelian (the Viborg Formation), which are characterised by entire clypeate process terminations. Specimens of A. diktyoplokum with both entire and ragged processes occur in the Oligocene of well 11-10-1 and in the lowermost sample considered to be middle Eocene (see below).
Nevertheless, the LO of in situ A. diktyoplokum is placed at 883.90 m b.s.f. because at that depth several specimens were observed, including one with entire clypeate process terminations. All specimens of A. diktyoplokum above 883.90 m b.s.f. are considered to be reworked. Placing A. diktyoplokum at 883.90 m b.s.f. implies that its LO is over 130 m above the Eocene-Oligocene boundary (equivalent to the top Eocene seismic horizon; see above). In the stratotype area for the Eocene-Oligocene boundary (in the Massicore borehole), the thickness of the interval between the Eocene-Oligocene boundary horizon and the LO of A. diktyoplokum is ∼ 6.5 m (Van Mourik and , whereas in an expanded upper Eocene to lower Oligocene succession from the western North Atlantic, the thickness is ∼ 15 m (Egger et al., 2016) . Furthermore, correlation with the Nini-1 well (Fig. 6 ), which penetrates almost 1 km of Oligocene strata, shows that the Rupelian succession in 11/10-1 is significantly thicker.
From 411.5 to 823.00 m b.s.f., the following Rupelian LOs were recorded: Phthanoperidinium comatum (at 563.90 m b.s.f.), Lentinia serrata (at 640.10 m b.s.f.), Spiniferites manumii (at 609.70 m b.s.f.) and Glaphyrocysta semitecta (at 823.00 m b.s.f.; Fig. 3 ). The LOs of P. comatum, S. manumii and L. serrata occur in the same stratigraphic order as in the western North Atlantic, where the events were dated to 30.7, 31.6 and 33.3 Ma, respectively (cf. Egger et al., 2016) . Despite the risk of caving, it is noted that the interval of S. manumii in 11/10-1 is relatively thin (∼ 60 m; the lowermost sample yielding S. manumii is at 670.60 m b.s.f.). This is in agreement with the stratigraphic range of S. manumii given previously byŚliwińska and Heilmann- Clausen (2011) . The narrow range of S. manumii in the North Atlantic region (Egger et al., 2016; Eldrett et al., 2004; Lund, 2002; Williams and Manum, 1999) makes the taxon an excellent mid-Rupelian marker. The top of persistent occurrence of G. semitecta occurs at 823.00 m b.s.f., indicating that the LO of this species is one sample higher than suggested byŚliwińska and Heilmann- Clausen (2011) . Previous studies suggest that in the eastern North Sea basin (Śliwińska et al., 2012) and Tethys (Van Mourik and Brinkhuis, 2005), the LO of G. semitecta occurs in the early Chron C12r. In 11/10-1 the sample at 823.00 m b.s.f. yielding the LO of G. semitecta has a strontium isotopic age of 32.59 Ma (based on 19 foraminifera tests; Jarsve et al., 2015) , and the LO of Svalbardella cooksoniae is related to the Oi-1a cooling event (early C12r; Pekar and Miller, 1996) . This age constraint implies that in the 11/10-1 well, the event also falls within the early Chron C12r and thus confirms the synchronism of the event between the eastern North Sea basin and the Tethys.
Two important markers for the Rupelian-Chattian boundary in the North Sea basin, Rhombodinium draco and Enneadocysta pectiniformis (Schiøler, 2005; Śliwińska et al., 2012; Van Simaeys et al., 2005b) , occur in the sample at 411.50 m b.s.f. In the southern and eastern North Sea basin, the LO of R. draco is known from the earliest Chattian (Köthe, 1990; Śliwińska et al., 2012; Van Simaeys et al., 2005b) . This event should, however, be applied with caution, since its last stratigraphic occurrence seems to be diachronous across Europe (Pross, 2001a) . In the western North Atlantic and the western Tethys, the LO of E. pectiniformis is early Chattian (Egger et al., 2016; Pross et al., 2010) , in contrast to the North Sea basin, where it occurs persistently in the latest Rupelian (Köthe, 1990; Śliwińska et al., 2012; Van Simaeys et al., 2005b) . The LOs of R. draco and E. pectiniformis in well 11/10-1 in the same sample at 410.5 m b.s.f. suggest that the Rupelian-Chattian boundary is located somewhere close to that depth. This level is also considered to coincide with an unconformity or a condensed section. The revised age determinations therefore position the boundary slightly higher than suggested by Jarsve et al. (2015; Fig. 3 ). Jarsve et al. (2015) suggested that the Rupelian-Chattian boundary coincides with the local seismic sequence boundary (i.e. the OSS-2-OSS-3 boundary), located around 455 m b.s.f. according to Fig. 4 in Jarsve et al. (2015) . Fig. 3 ) suggests that the age of the uppermost part of the studied succession is earliest Chattian (e.g. Dybkjaer and Rasmussen, 2007; Köthe and Piesker, 2007; Pross et al., 2010; Schiøler, 2005; Van Simaeys et al., 2005b; Śliwińska et al., 2012; Williams and Manum, 1999) . The persistent presence of Operculodinium xanthium between 701.40 and 365.8 m b.s.f., i.e. in the interval considered as latest Rupelian to earliest Chattian, suggests that the range of the taxon in well 11/10-1 is similar to that reported from Germany (Köthe and Piesker, 2007; Fig. 4 ).
The correlation between the 11/10-1 and the Nini-1 wells is based on a number of dinocyst events (Fig. 6) 
Local dinocyst (D and NSO) zonations
The two most commonly applied dinocyst zonations for the Oligocene in the North Sea basin (i.e. the dinocyst (D-) zona-tion of Costa and Manum, 1988 , redefined by Köthe, 1990 ; and the North Sea Oligocene (NSO-) dinocyst zonation defined by Van Simaeys et al., 2005b) were based on sediment cores and outcrop sections from the southern North Sea (Fig. 7) . The two zonations utilise both first (FO) and last (LO) stratigraphic occurrences. As mentioned above, this study was restricted to ditch cutting samples. Due to downhole contamination (caving) it is difficult to recog- nise FOs. Furthermore, the key age markers for some of the zonal-subzonal division were not recorded (e.g. Artemisiocysta cladodichotoma, Thalassiphora reticulata and Saturnodinium pansum). Therefore, not all the zonal-subzonal boundaries in the well 11/10-1 could be determined with confidence. The dinocyst zonal subdivision of the 11/10-1 well is shown in Fig. 3 . Eatonicysta ursulae, Cerodinium depressum and Thalassiphora delicata occur in the lowermost studied sample at 1036.32 m b.s.f. (Fig. 3) . In Germany, the LOs of Cerodinium depressum and Thalassiphora delicata mark the top of the D9nb subzone, while the LO of Eatonicysta ursu-lae marks the top of the D9na subzone (Köthe, 1990; Köthe and Piesker, 2007) . Also, the LO of Eatonicysta ursulae is an important earliest Lutetian marker in the western North Sea basin (Bujak and Mudge, 1994) and the Norwegian-Greenland Sea (Eldrett et al., 2004) . Based on the above, the sample at 1036.32 m b.s.f. is assigned to the D9na subzone and thus of earliest Lutetian age.
The top of the NSO-1 zone and the D12nc subzone is defined by the highest occurrence of A. diktyoplokum and is thus placed at 883.90 m b.s.f. The Eocene-Oligocene dinocyst assemblages therefore suggest that the middle www.j-micropalaeontol.net//38/143/2019/ Lutetian-Priabonian strata covering the D9nb to D12nb subzones are either condensed or missing (Fig. 2) , which is in agreement with the local lithostratigraphical model (Eidvin et al., 2014) . This hiatus spanning the middle to late Eocene is estimated to represent at least 13 Myr.
Glaphyrocysta semitecta has its LO in the uppermost part of the NSO-2 zone (cf. Van Simaeys et al., 2005b) . In the 11/10-1 well, the top of the persistent occurrence of the species is at 823.00 m b.s.f., which suggests the presence of the NSO-2 zone. The FO of Chiroptridium galea defines the base of the D14na subzone and the base of the NSO-3 zone. This event was tentatively positioned at 762.00 m b.s.f. bý Sliwińska and Heilmann-Clausen (2011) . In this study the last common occurrence of this species (> 4 % of the total dinocyst assemblage) is at 762.00 m b.s.f., and the base of D14na and NSO-3 is thus tentatively placed at this depth (Fig. 3) .
The LO of Phthanoperidinium comatum marks the top of the NSO-3 zone at 563.90 m b.s.f. (Van Simaeys et al., 2005b) and the upper part of the D14na subzone (cf. Köthe and Piesker, 2007; Figs. 3, 7) . An intrazonal event for the NSO-3 zone (cf. Van Simaeys et al., 2005b) in the 11/10-1 well is the presence of Spiniferites manumii, which was observed between 671.0 and 610.0 m b.s.f. (Fig. 3) .
The hiatus (or condensed interval) at the Rupelian-Chattian boundary found at, or close to, 411.50 m b.s.f. is equivalent to the duration of the D14nb subzone of Köthe (1990 Köthe ( , 2005 and the NSO-5 zone (and possibly also Fig. 7 ) and the LO of Rhombodinium draco (the top of NSO-5b and D14nb subzones; Fig. 7 ; Köthe, 2005 Köthe, , 1990 Śliwińska et al., 2012; Van Simaeys et al., 2005b) . In the 11/10-1 well, these two events occur in the same sample (at 411.50 m b.s.f.), suggesting the presence of a hiatus or a condensed section close to this depth. An approximate duration for the hiatus covers the NP23 zone and part of NP24 zone (cf. Van Simaeys et al., 2005b) and can thus be estimated to be about 3.5 Myr.
The timing and the duration of the hiatus does not seem to be supported by the existing strontium isotope ages (Fig. 2) . However, each of the two strontium-derived ages in the sample above the inferred hiatus or condensed section is based only on a single mollusc fragment. It is possible that one of the fragments collected for strontium isotope analysis might have been reworked.
The uppermost sample analysed at 365.80 m b.s.f. yields Wetzeliella symmetrica, while the LO of Licracysta? semicirculata is observed in the sample below (396.20 m b.s.f.). In the NSO zonation, the LOs of these two taxa mark the top of the NSO-6 zone (Van Simaeys et al., 2005b) . The two (Köthe 1990 (Köthe , 2003 Köthe and Piesker, 2007) : bold italics -index marker of Köthe (2003) , italics -additional marker proposed by Köthe (2003) , greyfurther species introduced by Köthe and Piesker (2007) , * -range of an additional marker modified by Köthe and Piesker (2007) . uppermost samples are therefore referred to the NSO-6 zone (Fig. 3) .
Palaeoenvironmental changes
Although these analyses were performed on ditch cutting samples and caving may bias some of the results, the trends in relative abundances of the selected dinocyst environmental groups (Table 2 ) are considered to reflect palaeoenvironmental changes.
Distal-proximal setting and productivity maxima
During deposition of the OSS-1 sequences, the 11/10-1 well was located basinwards of the clinoform break and thus was located in a distal, open marine setting. The clinoforms prograded basinwards during the OSS-2 TST, and the depositional setting of the site thus became more proximal. This part of OSS-2 represents shallow marine shelf deposits (Jarsve et al., 2015) . The trend is reflected in dinocyst assemblages, with the typical oceanic taxon Impagidinium be- Table 2 . Palaeoecological affinities of the selected dinocyst species and complexes discussed in the study.
Name of the complex and/or taxon
Included genera and/or taxa Environment
Svalbardella cooksoniae
Svalbardella cooksoniae
Cold surface waters (Head and Norris, 1989; Van Simaeys et al., 2005a) .
Impagidinium spp Impagidinium spp. Oceanic (Dale, 1996; Wall et al., 1977) .
Spiniferites
Spiniferites spp., Achomosphaera spp.
Deep or offshore (Köthe, 1990) , inner to outer neritic (Brinkhuis, 1994) .
Areoligera
Areoligera spp., Licracysta spp., Chiropteridium spp., Glaphyrocysta spp., Membranophoridium spp.
Areoligera spp. and Glaphyrocysta spp. are considered indicative of deep or offshore waters (Köthe, 1990) or marginal marine to inner neritic (Brinkhuis, 1994) . The Areoligera group is equivalent to the "Chiropteridium +allied types group" sensu Stover and Hardenbol, (1994) .
Cleistosphaeridium
Cleistosphaeridium spp., Dapsilidinium spp., Enneadocysta spp., Hystrichokolpoma spp.
Inner to outer neritic (Brinkhuis, 1994) .
Thalassiphora spp.
Mainly Thalassiphora pelagica Tolerant to euxinic conditions (Köthe, 1990) , increased nutrient availability and/or low-oxygen conditions (Pross and Schmiedl, 2002) .
Homotryblium spp.
Mainly Homotryblium tenuispinosum
Restricted marine, lagoonal (Brinkhuis, 1994) .
Deflandrea spp.
Deflandrea spp. Tolerant of reduced salinity (Köthe, 1990) ; elevated amounts may be related to pulses of shelf-stored nutrients into the photic zone (Brinkhuis, 1994) , and high abundances may be related to possibly brackish, eutrophic setting and/or deltaic settings (Röhl et al., 2013) .
Phthanoperidinium spp.
Mainly
Phthanoperidinium comatum
Tolerant of reduced or increased salinity (Köthe, 1990) ; however Barke et al. (2011) found high abundances of Phthanoperidinium spp. (notably mainly P. stockmansii) related to fluxes of freshwater Azolla spores.
Wetzeliella spp.
Wetzeliella spp. Tolerant of reduced salinity (Köthe, 1990) ; possibly estuarine (Downie et al., 1971) , well-mixed and nutrient-rich (see discussion in Sluijs et al., 2005) neritic waters (Brinkhuis, 1994) .
ing restricted to the lower part of the succession (Fig. 5) , i.e. below the maximum flooding surface (mfs) at 730 m b.s.f. When present, the genus is rare (i.e. less than two specimens in the entire slide), but apparently, even such low abundances may indicate the influence of oceanic, open marine waters (Wall et al., 1977) . The succession below the maximum flooding surface is also characterised by abundance maxima of Spiniferites and Areoligera (Fig. 5) , thus also suggesting an open marine, distal setting (e.g. Brinkhuis, 1994 ; Table 2 ). The internal architecture of OSS-2 RST suggests that this tract of the sequence was deposited in a proximal setting of a fluvio-deltaic regime (Jarsve et al., 2015) . This interval con-sists of coarse-grained deposits, representing shifting deltaic lobes, that prograded basinwards (towards the south to southwest). The distribution of the dinocysts within this sequence is profoundly different (Fig. 6) . A proximal, high nutrient setting in well-mixed waters is implied by the highest concentration of peridinoid cysts: the two abundance peaks of Wetzeliella spp. and local maxima of Deflandrea spp. (Downie et al., 1971; Köthe, 1990) . High nutrient fluxes, corresponding to the productivity maxima ( Fig. 5) and caused by abundance maxima of peridinioid cysts, might have been brought in by a nearby river. Typical lagoonal dinocysts, Homotryblium spp., also have their maximum abundances within OSS-2 RST, al-beit not forming more than 15 % of the total dinocyst assemblage. The presence of Homotryblium spp. may either suggest that lower-salinity waters reached the site or that the Homotryblium spp. cysts were transported from lagoons located closer to land. The peak in the relative abundance of Thalassiphora spp. may suggest an episode of temporary stratified, oxygen-depleted waters. Furthermore, pronounced changes within the peridinioid cyst assemblages suggest that the environment was highly dynamic; this is expressed by the high abundances of Wetzeliella, which do not equate to the pulses of the Cleistosphaeridium group.
In contrast to the two other peridinioid groups, Wetzeliella spp. and Deflandrea spp., the Phthanoperidinium group is most common in OSS-1 and OSS-2 TST. Low abundances of Phthanoperidinium within OSS-2 RST may reflect the fact that Phthanoperidinium comatum (the main taxon within the group; see Table 2 and Fig. 4 ) has its LO in the middle part of the sequence. It is, however, possible that Phthanoperidinium preferred slightly deeper and/or lower-salinity waters. The similarity in the abundance trends of Wetzeliella spp. and Deflandrea spp. (Fig. 5 ) suggests that these groups have fairly similar environmental preferences.
As implied by the seismic study of Jarsve et al. (2015) , OSS-3 was most probably deposited in inner-neritic, shallow marine settings. During the deposition of OSS-3, the area around the 11/10-1 well was located landwards of the clinoform break. The three samples available from this sequence have clearly different distributions of dinocysts compared with the sequence below (Fig. 5) . The relative decrease (in contrast to OSS-2 RST) in abundance of Wetzeliella spp. coincides with high relative abundances of the Spiniferites, Areoligera and Cleistosphaeridium environmental groups. This change is linked to lower nutrient availability (there are no deltaic deposits recognised within this succession; cf. Jarsve et al., 2015) and not with the increase in the sea level.
Cold water pulses
Taxa that are typically considered as warm-water indicators, Lingulodinium machaerophorum (Marret and Zonneveld, 2003) , Polysphaeridium zoharyi (Head and Norris, 1989; Marret and Zonneveld, 2003) and Tectatodinium pellitum (Head, 1994; cited in Jaramillo and Oboh-Ikuenobe, 1999; Marret and Zonneveld, 2003) , are absent to rare in the 11/10-1 well (≤ 4 % of the total dinocyst assemblage; Fig. 4 ). The relative abundance of these taxa is, however, only slightly lower than in the Eocene sequences (Heilmann- Clausen and Van Simaeys, 2005) , which were deposited under much warmer sea-surface temperatures (Śliwińska et al., 2019) . Furthermore, these warm-water taxa do not show any trends in the data presented here. This is in contrast to Svalbardella cooksoniae, which appears in the intervals that can be correlated with the Oligocene cooling events (i.e. the Oi events; Figs. 4-6) .
Based on the first stratigraphic occurrence and the distribution of the dinocyst genus Svalbardella in the North Atlantic region, Head and Norris (1989) suggested that the taxon is related to cold-water conditions. Subsequently, Van Simaeys et al. (2005a) recognised a distinctive, globally distributed Svalbardella spp. interval corresponding to the strongest Oligocene glaciation, the Oi-2b cooling event occurring during Chron C9n (earliest Chattian). This was followed by the discovery of a distinctive early Rupelian Svalbardella cooksoniae interval correlating with the Oi-1a cooling event (Śliwińska and Heilmann-Clausen, 2011) and a late Rupelian S. cooksoniae interval correlating with the Oi-2 cooling event . However, while S. cooksoniae appeared in various basins in the middle and high northern latitudes during the Oi-1a event, the S. cooksoniae interval related to the Oi-2 event has so far only been recognised in one well in the North Sea basin (the Nini-1 well; Clausen et al., 2012) . In the 11/10-1 well, two Svalbardella cooksoniae intervals were observed. The older interval (top at 823.00 m b.s.f.; marked here as Svalbardella cooksoniae I; Figs. 2 and 6) was recognised for the first time byŚliwińska and Heilmann- Clausen (2011) and linked with the Oi-1a cooling event. The younger interval (top at 457.20 m b.s.f., marked here as Svalbardella cooksoniae II; Fig. 2) is reported here for the first time.
The early Rupelian Svalbardella cooksoniae I interval frames the sequence boundary which corresponds to an erosional surface at the top of the regressive system tract of sequence OSS-1 sensu Jarsve et al. (2015;  Fig. 2 ). Strontium isotope data (Jarsve et al., 2015) collected from the interval where the Svalbardella cooksoniae I interval occurs, imply an age of 32.66 Ma for the event. These observations confirm the suggestion ofŚliwińska and Heilmann-Clausen (2011) that the earliest Rupelian S. cooksoniae interval in the Tethys (Van Mourik and Brinkhuis, 2005) , central Europe (Gedl, 2004) , the North Sea basin (Schiøler, 2005) and the Norwegian-Greenlandic Sea (Eldrett et al., 2004) is synchronous with the Oi-1a cooling event and coincides with a major eustatic sea-level fall.
The top of the younger Svalbardella cooksoniae II interval occurs at 457.20 m b.s.f. (Figs. 2, 4 and 6) . The interval is bracketed by the LOs of Enneadocysta pectiniformis and Phthanoperidinium comatum and is thus of latest Rupelian age. The top of the S. cooksoniae II interval also correlates with an erosional surface with deep incisions (the top of the local seismic sequence OSS-2; Jarsve et al., 2015; Figs. 2 and 3) . These channel incisions are more severe than those at the top of OSS-1 (at OSS-1 they may be below seismic resolution; see Jarsve et al., 2015) . The erosional surface at the top of OSS-2 was interpreted to be of subaerial or shallow marine origin (Jarsve et al., 2015) . These observations suggest that the S. cooksoniae II interval and the erosional surface are also related to a glacioeustatic sea-level fall, which may have been even larger than the sea-level fall related to the Oi-1a cooling event. However, the precise magnitude of the sea-level drop associated with these cooling events in the North Sea basin remains uncertain.
The stratigraphic position of the Svalbardella cooksoniae II interval (Figs. 2, 3 and 6) in the 11/10-1 well implies that the interval is time equivalent to the Svalbardella cooksoniae interval recognised previously in the Nini-1 well by Clausen et al. (2012; Fig. 6 ). In the Nini-1 well the late Rupelian S. cooksoniae interval was observed within a forced regressive unit caused by a climatically induced sea-level fall . These authors deduced that the presence of Svalbardella was related to one of the late Rupelian glacial events (most probably Oi-2 sensu Pekar et al., 2002) . Strontium isotope data from the 11/10-1 well imply an age of 30.11 Ma for this depth (Jarsve et al., 2015) and thus support this interpretation (Fig. 2) . The improved age model may furthermore imply that the two middle Oligocene cooling events (Oi-2a dated as ∼ 28 Ma -Chron C9r -and Oi-2b dated as ∼ 27 Ma -Chron C9n) fall within the hiatus at the Rupelian-Chattian boundary (Fig. 2) , which in the 11/10-1 well is around 411.5 m b.s.f. Close to this depth, a horizon with rock fragments or pebbles (NPD_report, 1969b) and abundant molluscs and mollusc fragments (Eidvin et al., 2013) was identified. This horizon is similar to the gravel layer from the eastern North Sea basin, which marks the sequence boundary at the Oligocene-Miocene boundary , and the pebble layer in well 11/10-1 can be interpreted as an indicator of the unconformity. Even though the horizon is not mapped as a sequence boundary in the sequence stratigraphic interpretation of Jarsve et al. (2015;  i.e. it is located within OSS-3), Jarsve et al. (2015) observed that in the vicinity of the 11/10-1 well this sequence consists of parallel subhorizontal reflectors interpreted to indicate deposition in a shallow marine environment. The base of sequence OSS-3 (close to 457 m b.s.f.) is characterised by fluvial incisions, while the top of the sequence (close to 366 m b.s.f.) is interpreted as a subaerial unconformity (Jarsve et al., 2015) : the entire sequence consists of sandy deposits (Jarsve et al., 2015; NPD_report, 1969a) . It is possible that the area within the vicinity of the 11/10-1 well acted as a bypass zone or that erosion and/or non-deposition took place within OSS-3 (Jarsve et al., 2015) . Thus, the hiatus related to the Rupelian-Chattian boundary may be indistinguishable from other horizons observed within the sequence.
Based on biostratigraphic correlation with the Nini-1 well (Fig. 4 ) and the stratigraphic studies of the North Sea basin by Schiøler et al. (2007) , it seems that the hiatus at the Rupelian-Chattian boundary in the 11/10-1 well covers the time span during which the thick middle Oligocene sediment package located in more distal settings (i.e. in the area of the Nini-1 well) was deposited, including the Svalbardella interval related to the Oi-2b cooling. The correlation between the two wells does not support the suggestion of Jarsve et al. (2015) that the local sequence OSS-4 is related to the Oi-2b cooling phase but rather with one of the younger cooling events.
Conclusions
Even though this study of the dinocysts from the Syracuse Oils Norge A/S 11/10-1 well is based exclusively on ditch cuttings, limiting age control to LOs, the rich, diverse and well-preserved dinocyst assemblages are excellent for stratigraphic correlation and palaeoenvironmental determinations. The LOs of Phthanoperidinium comatum, Spiniferites manumii and Lentinia serrata seem to be reliable, synchronous markers for Rupelian stratigraphy not only within the North Sea basin but also across the North Atlantic. This study also confirms that the LO of Glaphyrocysta semitecta is synchronous within the eastern North Sea basin and Tethys. The LOs of Enneadocysta pectinifromis and Rhombodinium draco can also be applied for inter-basinal stratigraphy, even though the events have a known, moderate diachroneity between the basins. One of the most significant findings is that the LO of Areosphaeridium diktyoplokum is about 130 m above the top Eocene horizon (equivalent to the Eocene-Oligocene boundary), which indicates that the lowermost Rupelian succession in particular is exceptionally thick. The dinocyst assemblages also reveals novel details on the Eocene-Oligocene boundary and the Rupelian-Chattian boundary. These assemblages suggest that the middle-upper Lutetian-Priabonian deposits are missing (indicating a hiatus covering ∼ 13 Myr) or are very condensed. Furthermore, dinocyst stratigraphy reveals a hiatus or condensed interval spanning ∼ 3.5 Myr at the Rupelian-Chattian boundary.
The distribution of selected dinocyst environmental groups has also been analysed within the regional stratigraphic sequence framework. The groups seem to be good indicators of depositional changes. For example, dinocyst assemblages within OSS-1 are dominated by Spiniferites and Areoligera groups and characterised by the presence of Impagidinium spp. This confirms that the sequence was deposited in the most distal, deep and outer-neritic setting of the basin. In contrast, the inner-neritic, deltaic setting of OSS-2 RST is reflected by high counts of Wetzeliella spp. and Deflandrea spp. interfingering with maximum abundances of the Cleistosphaeridium group. This is interpreted as to reflect high nutrient pulses (related to the high values of P /P + G) carried into the basin by rivers and a dynamic, high-energy environment, which is characteristic of deltaic depositional settings. My study indicates a strong climatological imprint on the development of the sequences in the North Sea basin during the Oligocene. The two Svalbardella cooksoniae intervals reported in the 11/10-1 well are related to erosional surfaces (sequence boundaries), apparently reflecting glacioeustatic sea-level fall. Both intervals correlate with cooling events, Oi-1a (Śliwińska and Heilmann-Clausen, 2011) and Oi-2  this study), previously defined in the North Sea basin. In conclusion it is postulated that the possible hiatus at the Rupelian-Chattian boundary covers the time span comprising two middle Oligocene cooling events (Oi-2a and Oi-2b). 
Material
Ditch cutting samples from an industrial Syracuse Oils Norge A/S well 11/10-1.
Locality and horizon
So far the taxon has only been observed in Rupelian strata in the North Sea basin in well 11/10-1 (the interval between 823 and 412 m b.s.f.).
Age
Rupelian.
Description
The cyst is dorsoventrally flattened, with a convex dorsal side and a concave ventral side (Plate 8D and E). The welldeveloped sulcal notch is strongly offset to the left (Plate 8A-C). The autophragm can be up to 3 µm thick. On the ventral side the processes are often single but are usually arranged in soleate or arcuate complexes. The sulcal area is devoid of processes. The cingulum from the ventral side appears to be free of processes. The dorsal surface is more densely covered with processes, but their arrangement is not clearly seen. 
Genus assignment
The species is questionably included in the genus Areoligera. It differs from Canningia, which has an autophragm and an ectophragm and is uniformly ornamented. Cerbia is clearly paratabulate, and both mid-dorsal and mid-ventral areas are essentially devoid of ornament. Furthermore, Cerbia has usually low lateral projections and clearly defined, significantly shorter processes. Cyclonephelium has linear ornamentation, and, like Chiropteridium, the ornamentation is reduced or lacking on both mid-ventral and mid-dorsal areas. Glaphyrocysta also differs in having distally connected processes.
Remarks
Areoligera? barskii sp. nov. is distinguished from other species of the genus by the length of the processes, which are on average only 15 %-20 % of the cyst width. The central body outline of Areoligera? barskii and the short length of the processes may resemble Areoligera guembelii, but processes in A. guembelii are only capitate and bifurcate and are arranged in pronounced annulate complexes. Actually, all known species of Areoligera are characterised by rather broad processes (process complexes) and rising soleate or arcuate ridges on their dorsal side (Williams and Downie, 1966) . Since ridges are not clearly developed in Areoligera? barskii sp. nov., the taxon is only questionably assigned to the genus.
Genus Enneadocysta Stover and Williams, 1995 , emend. Fensome et al., 2007 Species Enneadocysta magna Fensome et al., 2007 (Plate 3L and M)
Enneadocysta magna is characterised by its large size and slender licrate processes with highly asymmetrical distal extremities (Fensome et al., 2006; Plate 3M) . As noted by Fensome et al. (2006) it may appear similar in overall morphology to Licracysta? semicirculata, but it has only one process per plate. When Fensome et al. (2006) described Enneadocysta magna as a new species, the authors pointed out that some of the specimens in the type material from the western North Atlantic may have complexly branched processes. This results in an illusion of more than one process per plate, and thus the taxon may resemble Licracysta? semicirculata (cf. Plate 2.13-16 in Fensome et al., 2006) .
In my material some specimens of Enneadocysta magna possess broad (precingular) to very broad (postcingular) processes (Plate 3L) and appear to be thicker than in the type material (cf. plate 1.9-16 in Fensome et al., 2006) . There is only one process per plate, but the processes resemble processes of L.? semicirculata (Plate 3L). Data availability. Raw dinocyst counts are available upon a written request to the author.
Appendix A: Collecting coordinates for dinocysts
Selected dinocysts are illustrated in Plates 1-8. So that every photographed specimen can be located, I provide England Finder Coordinates (EFCs) in the plate captions. The England Finder has been developed as a tool for easy allocation of specimens on a slide (in, for example, palynological and nannofossil studies) regardless of the type and/or manufacturer of microscope used. However, the England Finder is rather costly, while alternative methods are either damaging to the slide or time-consuming (e.g. Sterrenburg et al., 2012) . Relocation of the selected specimen may otherwise be difficult, since the coordinate system for each microscope differs, even for those manufactured by the same company. Therefore, an alternative, time-efficient and cost-free method for refinding palynomorphs is proposed here.
When a palynological slide is placed on the microscope stage (Fig. A1 ) the upper right corner (here named the A point) will always have the same microscope coordinates (MCs) regardless of the size of the slide. Therefore, the A point can be used as the origin point of a coordinate system for the slide. Knowing the A point of a given microscope, one can convert MCs between microscopes without the use of the England Finder. To obtain the most precise reading, the coordinates of the A point must be taken using a lowmagnification objective (×10). If the upper right corner of the slide is broken or rounded, the location of the A point can be extrapolated using the right upper side of the slide (Fig. A1 ).
In this study the A point for the microscope utilised (M1) has coordinates 0.4 × 90.3 (XM1 × Y M1); the MCs for each specimen are given in the plate caption (X1 × Y 1). For relocating a selected specimen on another microscope (M2), the A point of M2 needs to be measured first (XM2 × Y M2). In M1 both Y and X axes increase (X: 0 → 90; Y : 90 → 135) away from the A point ( Fig. A1 ). If in M2 the X and Y axes also increase, then the coordinates of the selected specimen under microscope M2 can be calculated as follows:
If in M2 the axes decrease, then
This method is viable under the following conditions:
1. The microscope is equipped with a millimetre scale (horizontal and vertical; X and Y ).
2. The millimetre scale is positioned on the microscope stage so that it is possible to take coordinates for the A point. Figure A1 . A technique for determining the location of specimens on different microscopes. (a) A typical palynological slide is placed at the microscope stage. The coordinates are taken on the millimetre-scale coordinate system (X is horizontal; Y is vertical). On the depicted microscope the X scale is from 0 to 90 and the Y scale is from 90 to 150. (b) The A point is located in the upper right corner of the slide. (c) The A point of the slide seen under the microscope with ×10 magnification. The corner is (often) rounded, so the precise position of the A point can be extrapolated as shown here. The position of the A point is marked with an arrow. Once the slide is placed properly, the coordinates of the A point can be taken. If all the slides are analysed under the same microscope the A-point coordinates need to be taken only once. Then, slides can be analysed and coordinates of selected specimens can be taken in a traditional manner.
This system of collecting coordinates is more time efficient than collecting coordinates with the England Finder (EF), as switching between the original slide and the EF slide is not needed. Furthermore, once the difference in the coordinates of the A point between two microscopes is known, it is easy to switch between microscopes. As an example, my work microscope has the A-point coordinates 0.4 × 90.3, while my microscope at home has the A-point coordinates 100.7 × 0.6. So to relocate the specimen at my home microscope, with coordinates taken from my work microscope, I need to add 99.7 on the X axis and subtract 89.7 on the Y axis.
